Objective. To analyze the anthropometric parameters from a representative sample of Spanish adults participating in ANIBES study and the prevalence of general and abdominal obesity. Methods. This cross-sectional study focused on 1655 adults aged 18-64 years. Weight, height, and waist circumference (WC) were evaluated, and body mass index (BMI) and waist to height ratio (WHtR) were calculated. A composite index combining BMI and WHtR was designed to establish five groups with different anthropometric status. Results. The prevalence of overweight (OW) was 35.8% and that of obesity was 19.9%. Obesity (OB) was higher among men (OR 1.725, 1.415-2.104; = 0.000) and each year of age increased the risk of obesity (OR 1.054, 1.045-1.064; = 0.000). The prevalence of abdominal obesity (WHtR ≥ 0.5) was 58.4%. Only 36.1% of the population had an optimal anthropometric situation (BMI < 25 kg/m 2 , WHtR < 0.5), whereas 50.1% had weight excess and high WHtR (BMI ≥ 25 kg/m 2 , WHtR ≥ 0.5). Conclusions. More than half of Spanish population has weight excess and cardiometabolic risk. The results of this study provide an understanding of the current anthropometric situation in the Spanish population, as a first step toward planning interventions and assessing their effectiveness in the future.
Introduction
Obesity is a major global health problem, with 500 million obese individuals worldwide [1, 2] . It has been found that the condition of overweight and/or obesity affects more than 50% of the adult population in Spain and almost 30% of children and adolescents [3] [4] [5] .
Obesity is a significant health concern because it predisposes individuals to several comorbidities, including hypertension, dyslipidemia, coronary heart disease, type 2 diabetes, stroke, cancer, and osteoarthritis [6] [7] [8] [9] [10] [11] [12] , and a shortened life expectancy while impairing quality of life [13, 14] . Also, the economic cost of treating obesity-related comorbidities is very high [15, 16] . Therefore, obesity is emerging as one of the most significant health concerns of the 21st century [15] .
In Spain, the National Health Survey [3] provides data on overweight and obesity every 3 years. However, the survey relies on self-reported height and weight measurements, which reduces the accuracy of the final results. Recent studies conducted on representative samples of the population have focused primarily on children [17, 18] ; studies on representative samples of Spanish adults are not as recent [4, 5, [19] [20] [21] .
Knowledge of the current anthropometric status of a population is important to assess its evolution and the results of any interventions [3, 4, 18] . As part of the ANIBES study (Anthropometry, Intake, and Energy Balance in Spain), the aim of this paper is to analyze the anthropometric data and to establish the prevalence of general and abdominal obesity in a representative sample of Spanish adults.
Material and Methods

Study Design and Sampling
Procedure. The design, protocol, and methodology of the ANIBES study have been described in detail elsewhere [22] [23] [24] . ANIBES was designed to carry out an accurate updating of food and beverage intake, dietary habits and behavior, and anthropometric data of the Spanish population (9-75 years old, = 2009), as well as energy expenditure and physical activity patterns.
Briefly, the sample for the ANIBES study was designed based on 2012 census data published by the INE (Instituto Nacional de Estadística/Spanish Bureau of Statistics). The total sample size was calculated based on a 0.05 probability of Type I error (rejecting a null hypothesis when it is true) and 0.1 probability of Type II error (accepting a null hypothesis when it is wrong) in the main outcome of the study (energy intake). For the total sampling, the following variables were taken into account: age, sex, geographical distribution (Northeast, Levant, South, West, North-Central, Barcelona, Madrid, and Balearic and Canary Islands), and locality size (2,000-30,000 inhabitants, rural population; 30,000-200,000 inhabitants, semiurban population; and over 200,000 inhabitants, urban population). In order to ensure the representativeness of the sample, 128 sampling points were used. No previous prerecruitment was considered in order to minimize the risk of bias in responses [25] . The present paper is focused on an adult population (excluded elderly) ( = 1655), considering sex (779 men/858 women) and age (883 subjects between 18 and 40 years and 772 between 41 and 64 years) [22] [23] [24] .
Several exclusion criteria were applied: those individuals living in an institutional setting (e.g., colleges, nursing homes, hospitals, and others); individuals following a therapeutic diet owing to recent surgery or taking any medical prescription; potential participants with a transitory illness (i.e., flu, gastroenteritis, and chicken pox) at the time of the fieldwork; and individuals employed in areas related to consumer science, marketing, or the media [22] [23] [24] .
Fieldwork for the ANIBES study took place from midSeptember 2013 to mid-November 2013 (3 months). The final protocol was approved by the Ethical Committee for Clinical Research of the Region of Madrid in Spain [22] [23] [24] . Written informed consent was obtained from all subjects.
Anthropometric Data.
Weight, height, and waist circumference were measured by trained interviewers following standardized procedures [26] . Weight was measured once with a Seca5 model 804 weighing scale (Medizinische Messsysteme und Waagen seit 1840, Hamburg, Germany; range 0.1-150 kg, precision 100 g). Height was assessed in triplicate using a Seca5 model 206 Stadiometer (Medizinische Messsysteme und Waagen seit 1840, Hamburg, Germany; range 70-205 cm, precision 1 mm). Waist circumference was measured in triplicate using a Seca5 201 tape measure (Seca, Hamburg, Germany; range 0-150 cm, precision 1 mm).
General obesity was assessed using body mass index (BMI) and abdominal obesity by both waist circumference (WC) and waist to height ratio (WHtR). BMI was calculated as weight (kg)/height (m)
2 . Participants were classified into the following categories: underweight (BMI < 18.5 kg/m 2 ), normal weight (BMI 18.5-24.9 kg/m 2 ), overweight (BMI 25-29.9 kg/m 2 ), and obesity (BMI ≥ 30 kg/m 2 ), based on World Health Organization International Classifications [6] . Overweight and obesity were combined into one category called "weight excess" (BMI ≥ 25 kg/m 2 ) for subsequent analysis. High WC (abdominal obesity) was defined as >88 cm for women and >102 cm for men [27, 28] . WHtR was calculated as WC (cm)/height (cm). Respondents were classified into two categories: those with no abdominal obesity (WHtR < 0.5) and those with abdominal obesity with metabolic risk (WHtR ≥ 0.5) [28] [29] [30] [31] .
In addition, we defined a composite index combining BMI and WHtR groups in a five-category variable, where level 1 represents the best anthropometric situation and level 5 the worst. The five groups of this composite index are
Results
The sample included 1655 adults (51.8% women). Table 1 shows the anthropometric data for the entire sample and by sex and age group (18-40 years and 41-64 years). The prevalence of underweight was 1.8%.
The prevalence of overweight and obesity was 35.8% and 19.9%, respectively. This means that 55.7% of the whole sample (63.1% of men and 48.7% of women) had weight excess (BMI ≥ 25 kg/m 2 ). Weight, height, BMI, and prevalence of overweight and obesity were higher among men and those in the older age group (41-64 years) ( < 0.05) ( Table 1) .
Significant positive correlations were found between age and weight, BMI, WC, and WHtR in the entire sample ( = 0.193, = 0.342, = 0.399, and = 0.479, resp.; = 0.000 in all cases) and for both sexes (data not shown). In all groups, the strongest correlations were found for WHtR.
Men are more likely to have BMI ≥ 25 kg/m 2 (OR 1.725, 1.415-2.104; = 0.000) and to be obese (OR 1.746, 1.341-2.273; = 0.000). Each year of age also increased the likelihood of having BMI ≥ 25 kg/m 2 (OR 1.054, 1.045-1.064; = 0.000) and obesity (OR 1.073, 1.060-1.086; = 0.000).
As expected, weight, BMI, WC, and WHtR were higher in overweight and obesity groups ( Figure 1 and Table 2 ). BMI was positively correlated with WC ( = 0.835, = 0.000) and WHtR ( = 0.8640, = 0.000) in the whole sample and also in all groups stratified by sex or age (data not shown). The strongest correlation was found for WHtR in women between 41 and 64 years of age ( = 0.875, = 0.000).
The prevalence of abdominal obesity depends on the criteria applied: 28.1% of the population had high WC and 58.4% had WHtR ≥ 0.5. The prevalence was higher in women (especially those in the older female group) when only the WC criterion is considered; contrarily, the prevalence was higher among men when applying the WHtR criterion (Table 1) .
Weight, BMI, WC, and WHtR were higher in those with abdominal obesity, regardless of the criteria used (Tables 3  and 4 and Figures 2 and 3 ). It is noteworthy that 42.1% (53.2% of men and 30.7% of women) of participants with low WC had a high WHtR (≥0.5) and some participants were also overweight (28.6%) or obese (3.2%) ( Table 3) .
The likelihood of having a high WC was lower in men (OR 0.712, 0.573-0.884; = 0.002) and increased with age (OR 1.060, 1.050-1.071; = 0.000) and for both sexes (OR 1.067, 1.052-1.081; = 0.000 for women and OR = 1.053, 1.038-1.068; = 0.000 for men).
Conversely, the likelihood of having a high WHtR was higher in men (OR 4.589, 3.715-5.670; = 0.000) and increased with age (OR 1.062, 1.052-1.072; = 0.000). The highest risk was found in men 41-64 years old (OR 7.606, 5.081-11.386; = 0.000). Height (cm) (1) 174.5 ± Significant differences regarding sex (S) and age groups (E) (Mann-Whitney test and 2-sample -test).
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174.6 ± Significant differences between adults with or without abdominal obesity. ( * ) Significant differences between men and women in the waist circumference group (S) (Mann-Whitney test and 2-sample -test). Significant differences between adults with WHtR < 0.5 and WHtR ≥ 0.5 ( * ). Significant differences between men and women in the same WHtR group (S) (Mann-Whitney test and 2-sample -test). Regarding the composite index, only 36.1% of participants (28.9% of men and 42.7% of women) had an optimal anthropometric situation (WHtR < 0.5 and BMI < 25 kg/m 2 ; level 1), whereas 50.1% had both excess weight (BMI ≥ 25 kg/m 2 ) and high WHtR (levels 4 and 5) ( Table 1 ). The remainder of the sample (13.9%) had intermediate situations: high BMI and no abdominal obesity (level 2) or normal BMI and abdominal obesity with metabolic risk (level 3) ( Table 1 ).
This optimal situation (level 1) decreased with age; 49.3% of those in the 18-40-year-old group were in level 1 (56.9% of women and 41.4% of men) versus 21% in the 41-64-year-old group (27.1% of women, 14.0% of men) ( Table 1 ). In contrast, 36.3% of those in the youngest group presented the most unfavorable situation (levels 4 and 5) versus 65.9% of those in the oldest group, and the results were consistently worse for men (Table 1) .
Men had a higher risk of being classified as level 5 (OR 1.953, 1.486-2.568; = 0.000) or levels 4 and 5 (OR 1.909, 1.541-2.365; = 0.000). The risk of being at level 5 increased with each year of age (OR 1.096; 1.081-1.110; = 0.000); this was also true for being classified as levels 4 and 5 (OR = 1.084, 1.072-1.095; = 0.000). Table 5 presents data regarding the composite index. Abdominal obesity when considering WC was found among 10.2%, 32.4%, and 88.3% of participants in levels 3, 4, and 5, respectively; contrarily, when using WHtR, 100% of participants of those levels were classified as being at risk.
Discussion
The present study provides objective data on measures of weight, height, and waist circumference in a representative sample of the adult Spanish population and provides updated information on the prevalence of overweight, obesity, and abdominal adiposity among Spanish adults.
More than half of Spanish adults (between 18 and 64 years old) in our population had weight excess (BMI > 25 kg/m 2 ) Height (cm) (1) 176.0 ± 6.6 176.5 ± ( The prevalence of overweight and obesity in our study is higher among men. In developing countries, the prevalence of obesity is usually higher in the female population, whereas the trend in developed countries varies [32] . For example, in Portugal [33] , the Netherlands [34] , and Bulgaria [35] , the prevalence of overweight and obesity is higher among males, as in our study, while in Poland [2] it is higher among females. However, the results of other studies conducted in Spain show a variable trend: the 2012 ENRICA study showed that obesity affects up to 23,1% of men and 16.3% of women between 18 and 64 years of age [21] ; the DORICA (Dyslipidemia, Obesity and Cardiovascular Risk in Spain) study noted that the prevalence of obesity was higher in women than men (17.5% versus 13.2%) [36] ; and a study by Rodríguez-Rodríguez et al. [5] found no differences in the prevalence of obesity according to sex, although the prevalence of overweight was higher among men.
BMI is widely used to estimate the prevalence of obesity within a population and the risks associated with it; however, BMI does not account for the wide variation in body fat distribution [6] . Obese individuals with excess fat in the intraabdominal depots are at particular risk of the adverse health consequences of obesity [12, 29, 31, 37] . WC [6] and WHtR are commonly used as indicators of abdominal adiposity [38] .
In our study, the prevalence of abdominal obesity differed greatly depending on the criteria used, with 28% when WC was considered, and much higher (58.4%) using WHtR. These figures are slightly higher than those recently found among Portuguese population (42.1% of adults with high WHtR) [33] but similar to those found in other Spanish groups, which also observed the same discrepancy between these two indicators [4] . For example, Rodríguez-Rodríguez et al. [5] found 22.2% abdominal obesity considering WC as a reference and 54.7% using WHtR ≥ 0.5. And more recently the ENRICA study [21] found that 28.8% of adults aged 18-64 years had abdominal obesity considering WC. This highlights a worrying trend among Spanish adults of increased prevalence not only of overweight and obesity but also of abdominal adiposity. There is thus an urgent need to implement measures to slow or reverse this trend.
In addition, we found that the prevalence of abdominal obesity when WC and WHtR were applied varied by sex. In our study, the prevalence of abdominal obesity was higher among men when WHtR was considered (64.7% versus 52.4% in women; < 0.001); in contrast, this was higher in women when a sex-specific cutoff point for WC was applied (31.4% versus 24.6% in men; < 0.001). We must bear in mind that populations differ in their levels of risk associated with a particular WC, such that it is impossible to develop globally applicable cutoff points [6] . It could be that the cutoffs used to define abdominal obesity in the Spanish population do not properly describe the actual situation. In fact, other authors have proposed different cutoffs, to better identify abdominal obesity in other populations [39] . Although WC provides a simple and practical method of identifying those people at increased risk of obesityassociated illness [40] , some studies have demonstrated that WHtR is a better predictor of disease or mortality risk than WC or BMI [28, 41, 42] . WHtR may also be a more useful global clinical screening tool than WC because it corrects by height and prevents underestimation of the risk in individuals who are taller or shorter than average [30] . Moreover, WHtR is potentially advantageous as it may not require conversion to sex-or population-specific cutoffs or percentiles [43] . Several studies have indicated that the risks described above are increased when the WHtR is equal to or greater than 0.5 in both men and women [29] [30] [31] .
Here, the prevalence of global and abdominal obesity was higher among older participants. This has been widely confirmed by other authors [2, 4, 5, 33, 39, [44] [45] [46] , who have generally found that both BMI and other abdominal obesity indicators increase from 20 to 29 years of age, reaching a peak at age 50-60 years [3, 5] .
Different studies have confirmed that BMI and WC are independent predictors of adiposity in both adults [43, 47] and children [48] . But it has also been suggested that measurement of both BMI and WHtR in a composite index may be a better predictor of cardiovascular risk than BMI or WHtR alone. For example, Millar et al. 2015 [43] defined a composite index using both BMI and WHtR tertiles and suggested that the use of both measures combined improved discrimination of individual cardiometabolic risk factors and identified a subset of at-risk individuals who might otherwise be missed. In our study we have defined a composite index using well-defined cutoff points established for both BMI (WHO cutoff points of overweight and obesity) and WHtR (< or ≥0.5). This composite index allows us to describe the distribution of population in different levels of aggregation of factors (normal weight, overweight, or obese with or without abdominal adiposity), where level 1 represents the best anthropometric situation and level 5 the worst. It is likely that certain levels were associated with increased cardiometabolic risk, but unfortunately we cannot check it in the present study, since there is no information about the cardiometabolic risk factors of the studied population in ANIBES study.
In our study, 5.6% of participants (6.4% of men and 4.8% of women) were overweight or obese without abdominal adiposity (level 2 of our composite index) ( Table 1 ). This figure is lower than that of Kowalkowska et al. [33] , who found 16.4% of Portuguese adults in this situation. Those adults could have early general overweight but not yet have abdominal obesity; in fact, in our study, participants in level 2 were younger than those in levels 4 and 5 (Table 5) . However, the adults in the previous study could be physically more active and have greater fat-free mass and thus weigh more. A total 8.3% of Spanish adults are normal weight with abdominal obesity (level 3 of our composite index), a figure similar to that found in a Portuguese population [33] . This latter group was more likely to suffer from major metabolic problems, such as ischemic heart disease, myocardial infarction, hypertension, dyslipidemia, and diabetes mellitus; however, their BMIs did not identify them as being at risk of these diseases [28, [40] [41] [42] .
The research data in our study were collected in 2013 among a representative sample, providing new epidemiological data for Spanish adults. One of the strengths of the study is the careful design, protocol, and methodology used, conducted among a random representative sample of the Spanish population. In addition, height, weight, and WC were measured and were not self-reported, which is a more accurate assessment procedure that also strengthens these data. And finally we use both WC and WHtR to assess abdominal adiposity. However, our study has some limitations, as its cross-sectional design, which provides evidence for association but not causal relationships. Residual and confounding by unobserved and unmeasured factors is also likely. Finally, there are no biochemical data whether blood pressure was measured, so we cannot analyze the association between the anthropometric parameters or our composite index and the cardiometabolic risk indicators of the study population.
Conclusions
The present study confirms the high prevalence of overweight and obesity among the Spanish population. Furthermore, the situation is worse than even a few years ago, so it is necessary to implement more effective strategies for preventing and reducing high adiposity levels and the corresponding health consequences at a national level. In this regard, it is important to identify those factors that contribute to the problem, so as to design appropriate strategies. The results of this study will allow us to have an understanding of the current anthropometric situation of the Spanish population, as a first step in planning interventions and assessing their effectiveness in the future.
